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How It Works

1. Radial component of a fringe field
Tarticle ., | combined with asymmetric particle

rotation provides radial component of
the particle velocity;

2. Rotation in the longitudinal field
results in different azimuthal position
of the particles after the lens.

envelepe

A . (V)
Focusing length: f=R 'B— = 4_2,32(;2 — __ 9 _
VR q BC Leff BC Leff

Example: B =5T, L4=7.5cm (=3") ->>f=13 cm;

Distance between the lenses must be shorter than 0.5 m;:

To increase this distance, L 4 and/or B, must be adjusted ->> beam size increases.

Brillouin field: BB2=6.9-107-1/(a>U”?) a=2mm, U=50kV, | =40 mA - BB =55 Gs
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Requirements

MEET / ET CH e -1 SR
Numbert of solenoids i the section 19 (3 + 14) la (9 x ) a
Parameter
Bore diameter A0 mm 50 mim 30 mm
Boare type Warm cold cold
Field Integral FI = |E2dl (T2 o) 1zl A00 500
I arzin 30% S0% 30%
Leff (cmy (G B < 10 cm
Field extension < ¥ eff wharp edges | Sharp edges
Cryostat type atand alone Integrated Integrated
Cold mass length (mm) 130 219 294

- Integrated strength: 77 = -I-W.Ef.:iz

- Effective length: Ly = [ B,dz /ED

_ Field integral ratio over 2.9 FIR = jjﬂxdz / | Bz

: L, !
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Examples of Implementation

Linac: RIA-MET Aamer. Magnetics | Cryomagnetics | ISAC-IL TRIOME s&RAF
Parameter SORED, Iarael
Bore diameter A0 srum 30 mun 22 mum 26 mun 35 mun
Bore type Zold Ziold YA arim Zold Zold
B2L (m*T"™ 12.55 T2m ~27 .5, ~36.4 1@ 3T
Bin 9T 9T 17T 9T 6T
Leff 100 tran 400 vy, 500 tran 28 mun
Linax 340 run 300 325 mum 550 srum, G20 man 220 mum
Tratisverse
Ditnenision 300 tran 220 mim QD 325 mar; 370 tam
Fringe Field|End bucking coils. |End bucking coids. . .
Compensation  |Mb Shield (150 Gs1 |Iron Shisld Non Endbuckingeolls | ) e Shietd
Fringe Field Level ~ 300 Gz (@ 130 trun
(B cavity wall 10 wi5s 300 Gis from the end ~ 200 Gs (B cav
Magnetic field at 10 Cte
"zero" current 100 mGs (10 mkT)
Temperature 42k 42K 42K 42K 42K
Material Nb-TiTa Hb-Ti Nb-Sn 7 Hb-Ti Nb-Ti, 0.6 mm
Q5 A @ 9T,
Cament 68 A (98 max) 1074 @11 T
Manufacturer| Cryomagnetics A, Magnetics | Cryomagnetics ACCEL ACCEL
Year 2002 2004
Bob Laxdal,
Soutce . .
T exty Crittun Hote A dwvert George Clark Iike Pekeler
100 EE - prototype,
Cost -~ 70K ~ 50 K product. ~ 20 K

T
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Solenoid R&D Constituents

Hanel

N &) “*
Strand R&D:

E. Barzi,
D. Turrioni,
T. Wokas,
A. Makarov

Coordination:

J. Tompkins,
|. Terechkine
1 Modeling: Design:
V.V. Kashikhin, G. Dauvis,
B. Wands, T. Page,
P. Bauer, T. Wokas,

Test Preparation:
T. Wokas,

Y. Pischalnikov

and MTF stuff

: L, !
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|. Terechkine

\

|. Terechkine

Testing:
M. Tartaglia,
and MTF stuff

Fabrication:

TD Procurement,
T. Wokas

Test Results
Analysis:
M. Tartaglia,
|. Terechkine




Strand R&D

o SSC dipole inner layer NbTi strand (IGC):
strand diameter ~ 0.808 mm
filament diameter ~ 6 mkm

* Modified SSC strand to increase coil compaction
factor

«  “Oxford” rectangular 0.9 x 0.6 mm? strand
filament diameter ~ 70 mkm
* Round Oxford strands for compensgtion coils

Strand Critical Surface Comparison Table @ 4.2 K
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Magnetic Modeling
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Magnetic Modeling

Strand Parameters

Packing (or compaction) factor:

Parameter Unt | Mam | Bucking K= Z(S—S_trand) _./ S__(?OI! i
Bare (round) strand diameter mm | 0808 | 0600 " SR, ' S—
ofrand nsulation thickness mm | 0025 | 0025
Copper to not-Copper fatio - 13 13
Non-Cueritical current density at 5 T, 42K | Alon? | 2750 | 270 32 :
Engineering current density at 1 A current | Almn? | 13774 | 24749 S o RnT
Global Parameters Performance at quench
] Mlagnet current A 25032
Parameter Unit Value Central field, B, T 7156
Cm] apefturg Tt 55 PEEﬂ{ ﬁEld in the Eﬂlﬂ, ﬁ&ﬁ&ﬁi T 7.894
Mumber of turns in the main col - 100x26 | |fField ntegr al, 71 Them | 31465
Number of turns in the bucking coils - 2x10x37 E.ffﬁct_m Ez .éﬁf - Tm Bl
Average strand packing factor in the matn coil - 0.71 field integral ratio over Zlgp; FIR 100V 4 868
g patimg Tarer , : Peak radial field at 10 mm off the axis T 087
ﬁdferage strand packing factor in the bucking ] 0.70 ool e T 7706
cotls Magnet inductance H 0.249
Toke length || i 130 Azial force per bucking coil Ay 45.90
Fermilab 2% 9
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Stress Management

Stress accumulation during winding

Stress generation during cooling down
Stress redistribution during excitation
Pre-stress application during assembly

1.

Main Results of study in:

Analysis of Stress in PD Front End Solenoids - TD-05-039;
2. Test Solenoid Design Proposal — TD-05-040;
3. Review 08-31-05

4.

5. G. Dauvis, et al, TD-06-020

Bob Wands: TD-06-018, TD-06-19

Fermilab
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Stress Management
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Stress Management

TE

: L, !
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w2 = 370 w 2 -
L = &.2% H
Stored ensrgy =

0.8

.5kl
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Quench Protection Issues

How guench propagates ? How long it takes ?
What can be the maximal temperature in the coil ?

Main results of the study can be found in:

1. Focusing Solenoid Quench Protection Studies.

Part I: Method Description and the First Iteration. TD-06-003
2. Focusing Solenoid Quench Protection Studies.

Part Il: Test Solenoid Quench Protection. TD-06-004
3. Solenoid Quench Heater TD-06-006

4. Review 12-02-2005

: L, !
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Quench Propagation

c)I=330A,t=0.3ms, 12.5ms, 44 ms

: L, !
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Coil Heating

> z.10%
4 —T -
1.2+10 F—F
16-10% o
C T IIT1¢1,1,300, £ o AT =T 1T T
—_— 1.4-10
2 2 T p UT1(35,1,300,8) .4 s ]
ey ’ i/
—_ IIT1¢25,10,300,t a0t /;
| < (t)dt , AT «—— m@oms S | J07
O 0 T IIT1¢ 55, 10,300, 1) 2000 E
b T B rete 5000 it/
y (55,20,300,1) 4000 J{{ /
- H
2000 et
00 i
7 p Hi
450 O 01 02 03% 04050607 0% 058 1
:=> 400 t
350 140
200 130 —
Tpeals( Ts ) 250 120 e
T(1,1,330,) 110 e S ES
200 — 100 g —
- T(25,1,330,1) gg =
50 o T(55,10,330,1) ?g
’ 4 4 4 44 4 4 4 4 Eﬁ_’m’m’m ig
0 5000 14107 L3407 24107 25030 34107 354107 44107 4.54107 5410 — 0 .'5’;:1
T |
0
400 0 003 01 015 02 025 03 035 04 045 035
3745 t
350
325 g
300 >,
IC_E&I:t-_,BED:I 27 Q:L 7
Ic_ZaCt, 3000 a9 AN > 6 =
200 ;
Ic Za(t, 2500 173 — N Reoil(t, 330y 5 p—
150 Reoil(t, 2500 4 e —
Ie Zart, 2000 125 — / e
100 Reoil(t, 2000 3
75 =~ — Ny
T ]
25 — /
0 < 1
O olo02Zo03 040508070209 1 0
t 0 02 04 06 08 1 12 14 16 18 2

Fermilab # t 15



Test Solenoid Program

prre————— 105 O ——————

IS5

Test Seleneid_vh
Fhewn az bBuilt
Apr, 10, ZO0E

180, 105,00
1M, ¢ 100,60
7.4 T
o7
L = 4.8
aw = E03
wo o= FIGE
otz S13red cnar y = 10 kd
de = 442, % Efwm”ﬁ
Expected Quench Current — 306.8 A
Central Field at quench current— 7.1 T
Maximal Field in the Coill - 75T
Fermilab &
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Main Test Results So Far

Stress history Measured and calculated field distribution
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Tentative R&D Schedule

2005 200E 2007
TR Lo M ' I Il '

Iterating on Requirement= i i i |
Strand RO
Mlagnetic Modeling
Mechanical Model Pragram —
Stre=ss Management Study —— e
Cuench Protection Study EE
Stand 3 modific ation ——
fleazurement system development ﬁ
Texzt Coil Frogram =i=i=i=i=
POST-01 —
FOST-02 ==
FOST-03 ———
Oecision an Strand Choice
CH Section Cald Mass Design ——
CH Section Cold Mass Prototype ——
CHCM Dezign Fackage =
Decision on the CHCM F abrication *

——————————

CH Section Cryostat Development

55-15ection Cold Mass Design

55-15ection Cald Maszs Pratatype

Decizion on the SSCM-1 Fabrication

55-2 Section Cold Mass Dezign

55-2 Section Cold Mass Prototype

Decizion on the SSCM-2 Fabrication

Solenoid Acceptance Procedure

Acceptance Test Infrastructure

CH Section Solenoid Cryostat Oesign

Test Crystat Procurement For FS-CH

Tezt F5-CH Assembly & Test

Decizion on the FS-CH Fabrication

Fermilab
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